Regarding its geographical location, West Sumatra is an area prone to earthquakes. The solution to this condition is by mitigating the effects through the construction of earthquake-resistant buildings. Earthquake-resistant buildings may be constructed by replacing polymeric materials with characteristics of light, durable and good flexibilities. One of which by replacing stone as common building structure with composite material. Composite wall panels that are expected to be utilized to construct a resistant building, are made by mixing polypropylene plastic waste with coconut fiber and primary sludge from paper mill waste. The mixing method was performed using an extruder (dry mixing with heat). Composition of coconut fiber, primary sludge, and paper mill waste were 20:20:60, respectively based on the previous study. Method for casting composite wall panels was performed using hot-press. The composite wall panels showed a flexural properties of 9.6 N/mm 2 , modulus of elasticity of 2,640 N/mm 2 , melt temperature at 161.21 o C, combustion point at 463.55 o C, decomposition point at 476.99 o C, carbon residue of 15.1%, density of 1.093 g/cm 3 , thickness swelling of 0.104%, internal bond strength of 0.61 N/mm 2 , a good morphochemical interaction and following EN 634-2-2007 standard.
INTRODUCTION
West Sumatra is a province prone to earthquake due to its geographical location on the west coast of Sumatra, which is tectonically adjacent to the subduction zone. The subduction zone is a meeting zone between two tectonic plates in the form of subduction of Indo-Australia plate to underneath of Eurasia plate. Movement of these plates will cause a considerable strong earthquake. In addition, an active Great Sumatran fault is a major threat to that area if movement occurred in the fault zone. Moreover, active volcanoes, e.g. Marapi, Tandikat, and Talang may also cause a quite strong vibration. The subduction zone, Great Sumatran fault, and active volcanoes, are contributing each other to cause an earthquake [1] [2] [3] . Earthquake is an unpredictable natural event with tremendous impacts of destruction that needed to be mitigated. The common development of technology by various parties is by constructing an earthquakeresistant building made of simple construction using a type of lightweight construction and structural materials as well as lightweight roofs and wall coverings [4] [5] [6] [7] [8] [9] [10] [11] . The wall panels are the main elements that suffered the most damages from earthquakes. A simple, fast-build house supporting structure can be made from polymer composite frames. In principle, the design can maintain structural rigidity and possess the flexibility to flow with the earthquake, and maintain the roof and wall cover tightly with minor damage. 7, [12] [13] [14] Numerous studies have reported the production of wall panels made from composites for construction of earthquake-resistant building. [15] [16] [17] [18] Wall panels impregnated with sludge from paper mill waste is one example. Sludge contains a similar chemical composition to cement, supporting their use as a replacement of cement in manufacturing of composite wall panels. The results of composite wall panels obtained showed variations in composite load while the composition of coconut fibers also contributed to its mechanical characteristics, with optimum flexural stress of 8 MPa. 19 Nowadays, wood plastic composites (WPC) are one of the most dynamic sectors of the plastic industry. The material consists of a mixture of wood fiber or similar structure with thermoplastic polymers such as polyethylene (PE), polypropylene (PP), etc. Thermoplastic polymers are soft in certain elevated temperature and rigid under low temperature. These properties allow other materials to be mixed such as wood or similar particles to form a composite material [20] [21] [22] . Sludge (paper mill waste) was considered a major problem in the paper industry although it is commonly utilized as plant fertilizer. The sludge contains mainly (95%) organic fiber in the form of cellulose mimicking the properties of cement, which can be a promising additive in the production of wall panel composites with good physical properties. Sludge is categorized into 2 types, namely primary sludge which still contains cellulose and hemicellulose and secondary sludge which has been separated from the solids [23] [24] [25] [26] [27] [28] . Integration of sludge to the composite material may increase the mechanical strength of the composite. Fabrication of composite wall panels using a combination of plastic waste, primary sludge, and coconut fibers, is expected to produce an earthquake-resistant material with the support to environmental recycling. The advantages of this product include low production costs, availability of raw materials, flexibility in the manufacturing process, low density, environmentally friendly, and better properties than the original raw material. The manufacture of composite boards has been achieved through mixing of coconut fiber with polypropylene waste by reflux method 29 . The obtained results are considered good in terms of physical and chemical properties, with several drawbacks in appearance and expensive manufacturing costs. But to obtain a promising result in terms of homogeneity, low-cost production and environmentally friendly, the technique to produce the composite wall panels should be changed and followed the advancement of technology, using an extruder machine to achieve well-blended material. Integration of sludge as composite materials is expected to enhance the physicochemical characteristics of wall panels resembling the cement panels. A dry mixing method using an extruder is then applied to produce a homogeneous mixture with a small production cost. To determine the characteristics of composite wall panels, several parameters are evaluated including: Mechanical impact strength, Modulus of elasticity, Density, Physical image under Scanning Electron Microscope (SEM), Thickness swelling, Internal bond strength, differential thermal analysis (DTA), thermogravimetry analysis (TGA), and chemical group characteristics using Fourier Transform-Infra Red (FT-IR) images.
EXPERIMENTAL Materials
Materials used in this study were: polypropylene plastic waste, coconut fiber, aquadest, primary sludge (paper mill waste).
General Procedure Preparation of Coconut Fiber
Coconut fiber was removed from its shell, cut into homogenous sizes forming a tiny fiber. Coconut fiber was then dried in an oven at 50 o C until constant weight prior to laboratory experimentation.
Preparation of Polypropylene Plastic Waste (PPW)
Polypropylene plastic waste was washed by water and dried under sunlight. Then, PPW was cut into a smaller segment of 0.25 cm 2 .
Preparation of Primary Sludge
The primary sludge was obtained from several paper industries in Riau. The sludge was dried under sunlight for 7 days, followed with oven-drying at 110 o C for 6 hr. The dried sludge was blended and sieved using a 200-mesh sieve.
Fabrication of Composite Wall Panels
The extruder instrument was set prior to experimentation to achieve a temperature of 160 o C. The coconut fiber, PPW and primary sludge were mixed in the ratio of 60:20:20, respectively and homogenized. The mixture was inserted into extruder gradually through a plastic funnel until the blending out through the tip of the extruder barrel. The polyblend was pooled and cooled in ambient temperature. Polyblend was then placed into a steel template with a dimension of 20×15×1 cm that has been priorly coated with aluminum foil. The sample was placed between two heaters (160 o C) for ± 10 min without pressure. The pressure was then given gradually for ± 20 min. The instrument was turned off and allowed to cool to 90 o C. The sample was removed and left in the water to reach ambient temperature.
RESULTS AND DISCUSSION Mechanical Properties of Composite Panels
The analysis result of mechanical properties from composite wall panels with the addition of sludge are listed in Table- 1. Flexural tests measure the ability of materials to resist deformation under load. 30 The composites 2 presented a higher flexural strength value than the composites 1. The mechanical characteristics of composite 2 are different in terms of better resistance than composite 1. The impregnation of sludge into the mixture of composite 2 strengthen the wall panels due to its similar properties with cement. The modulus of elasticity (MOE) from composite 2 is quite low since the sole properties of PPW is now reacted physically with fiber and sludge reducing its elasticity. Klyosov 31 has stated that the improvement of flexural strength rarely agrees with the improvement of elasticity modulus, which is congruent with the comparison of the flexural properties of the sludge-treated and composites 1. The flexural strength obtained from this composite is known to achieve the European Standard EN 634-2 in the standardization of the cement-particle board with a minimum flexural strength of 9 N/mm 2 and maximum MOE of 4500 N/mm 2 .
Thermal Properties of Composite Panels
The analysis of thermal resistance can be seen from DTA and TGA tests in Table- 2. The DTA test showed the melting and combustion point of composite panels while the TGA test showed the decomposition point of which carbon residue is yielded. From thermal properties analysis, we can obtain information on physical changes in composite panels, for example melting points and occurrence of chemical processes that include polymerization, degradation, and decomposition. From the results, it can be seen that the addition of sludge increases the combustion point of composite 2, as reported earlier. 32 A slight decrease in melting point is observed from composite 2 as well. Alteration in melting and combustion point of composite 2 indicated that interaction between materials occurred which affect the thermal properties. 33 However, the expected result from this experimentation is that the addition of sludge will not significantly alter the properties of polypropylene, but increase the combustion point. In addition, composite 2 tend to decompose at higher temperature as POTENCY OF PAPER MILL WASTE Pelita et al.
showed from its decomposition point and produce residues in a greater percentage. The condition is known to occur due to the high organic content of sludge in composite 2.
Morphology of Composite Panels
Analysis of the surface condition of morphological characteristics of composite panels using SEM under 1000× magnification at fractured wall panels. The morphological images are presented in Fig.-1 and Fig-2 . The samples used in microscopy investigation were cross-section fracture of composite wall panels. Figure-1 showed the fracture within composite 1 that appears to be in a homogenous phase although obvious differences can be seen in the color of materials showing the different mixture of each component. Figure-2 showed indistinguishable color which indicates a good interaction among filler components. However, on a microscopic level, both panels did not show any distinctive features which are homogenous.
Density Test
The density of composite panels is defined as the ratio of the weight of the composite material to its volume. The density value from each composite is presented in Table- 3. The impregnation of sludge into composite 2 mixture increased the density of wall panels due to the fine structure with a size of 200 mesh. The density of wall panels has met the requirement by EN 634-2 regarding cement-bonded particle board with a minimum density of 1 g/cm 3 .
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Thickness Swelling Test
The thickness swelling after soaking in water is one of the physical properties which determines the application of wall panels for interior and exterior purposes. The analytical method is by measuring the thickness of the wall at the center with an accuracy of 0.05 mm. The panels are then immersed in water at 25 o C horizontally, at a distance of 3 cm from water surface ± 24 hours. The panels are then removed, wiped and measured for its thickness. Based on Table-4 , it can be seen that composite 2 produced a lower percentage of thickness swelling than composite 1. This is due to its greater density caused by sludge insertion into panels which hinder the panels ability to absorb water more readily. The percentage of thickness swelling is insignificant because the matrix used is a type of hydrophobic polypropylene. The percentage of 0.104% has also met EN 634-2 with maximum thickness swelling of 1.5% after 24 hours of immersion in water.
Internal Bond Strength Test
Internal bond strength value is obtained to determine the hardness of composite panels interacting with other objects. Based on Table-5, it can be seen that composite 2 showed a slightly better internal bond strength because the structure is more robust. The internal bond strength of 0.61 N/mm 2 also meets the standard of EN 634-2 with the minimum internal bond strength value of 0.5 N/mm 2 .
Fourier Transform-Infra Red (FT-IR)
The FT-IR test was performed to identify the functional groups residing within composite panels. Through the functional groups, we may conclude whether the interaction between PPW, coconut fiber and sludge reacts in terms of chemical or physical bonds (hydrogen bonds). Chemical bonds have better strength than hydrogen bonds so that the presence of chemical bonds in the resulting composite wall panels is expected to increase the resistance of the resulting composites. The wavenumber of composite 2 can be seen in Table-6 . From the results, it can be seen that the wavenumber of composite wall panels showing interactions between elements in the mixture of composite 2. A typical functional group in composite 2, namely 3193.41 cm -1 indicated the sludge element which is supported by wave number 1645.40 cm -1 which shows the functional group C = C on cross-bound sludge and polypropylene, there are a wave number 1255.38 cm-1 which is a CO functional group which indicates an interaction between polypropylene plastic waste, coconut fiber, and sludge, in a chemical bond as well as some typical groups such as polypropylene waste without a mixture of natural ingredients. At wave number 1645.40 cm -1 , weak absorption is observed, due to the absence of cross-linking agents, so that interactions between polymeric materials and natural materials are only occurred due to heating.
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